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ESTIMATION OF PAN EVAPORATION FROM 
CLIMA TOLOGICAL DATA 
by 
J. E. Christiansen 
and 
I\shwin D. Mehta 
ABSTRACT 
A new formula and coefficients for climatological factors was 
developed for estimating pan evaporation based on an analysis of data 
from 23 states in the U. S. and from five other countries. This 
formula may be written 
in which 
K is a dimensionle s s constant 
R is the theoretical radiation reaching the outer atmosphere, 
expressed as equivalent evaporation in the same units~ , as Ev. 
C T , C W
' C H ' and Cs are dimensionles s sub-coefficients for 
temperature , wind, humidity, and sunshine. 
C
E 
is a sub-coefficient for elevation, and 
CM is a monthly coefficient 
Equations were developed for all of the coefficients and table s 
were prepared to facilitate the application of the formula. The study 
was a continuation of a thesis study by Patil (1962) who analyzed mE}-re 
than 3,200 months of records from 40 stations in the western states to 
develop a formula and equations for the coefficients of climatological 
factors . Later, a separate analysis was made of the same data by 
Mathison (1963) using similar, but different procedures. 
ABSTRACT (Continued) 
The present study differs from those of Patil and Mathison in 
two major respects. The data includes, in addition to those used by 
Patil and Mathison. 507 months of records from the stations in the 
midwest and southern states, Puerto Rico, Panama, Hawaii, Canada, 
Alaska, Nigeria, and Peru. These data extended the range of the 
weather factors. 
The second difference was i.n the analytical procedure. A 
technique suggested by Gras si (1964) was used to develop coefficients 
for temperature, hum[dity, and sunshine. These coefficients are 
more independent of other climatic factors than those developed by 
Patil and Mathison. 
FOREWORD 
This report is based on an M. S. Thesis by the junior aughor 
written under the immediate supervision of the senior author. It 
represents the seventh report or thesis on the subject of evaporation 
or evapotranspiration. This report is intended to pres ent a practical 
method for estimating equivalent U. S. W. B. pan evaporation from 
climatic data. 
Pan evaporation is a basis for estimating evapotranspiration or 
consumptive use of agricultural crops, and for estimating evaporation 
from lakes and reservoirs, botl~ of which are of importance in the 
planning and design of water resource development projects. This 
report is based on an extensive analysis of evaporation and climatic 
data from a wide range of climatic conditions. The procedure out-
lined here should result in reliable estimates of pan evaporation where 
such data are not available, but where climatic data such as reported 
in Climatological Data, as published by the U. S. Weather Bureau, are 
available. It must be emphasized, however, that the method can be used 
where complete data on all factors included in the formula are not avail-
able. For normal conditions all coefficients have a value of 1.0 and any 
one of them can, therefor e, be omitted, or estimate s of the mean value s 
for missing data can be substituted. No other known formulas take into 
consideration as many factors directly affecting evC:\poration, and few of 
them can be so readily applied to the available data. 
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INTRODUCTION 
Water is the most important factor in irrigated agriculture. 
Water demand has grown tremendously as a result of irrigated 
agriculture, industrialization, and urbanization. Therefore, water 
storage is es sential in most areas of the world. 
The storage of water is accompanied by certain losses of which 
evaporation is the major loss, from lakes, reservoirs, canals, etc. 
Watson (1935) estimated the average loss by evaporation from Utah --4-
Lake as 52 percent of the measured inflow for the period of 1914-1934 . 
. It is estimated that the water evaporated from Great Salt Lake is 
equivalent to that used consumptively by agricultural crops in Utah. 
Therefore, the determination of evaporation in order to arrive at the 
amount of water available for various uses is highly important. Also, 
it is important to estimate evaporation before various irrigation works 
such as darns or canals are constructed. Sometimes in shallow 
reservoirs the amount of water lost by evaporation can be so great 
that the cost of storage cannot be economically justified. 
A forTIlula for estimation of evaporation is, therefore, highly 
important. Lake evaporation can be estimated by applying a coefficient 
to the pan evaporati0t;l. In many parts of the world,. however, there 
are few or no evaporation data available, and estimates of evaporation 
must be made from climatological data. The need for formulas for 
estimating evaporation has been recognized by many research workers 
for several decades, and many such formulas have been proposed. 
Most of them have been based on relatively few data, however. 
In planning an irrigation proj ect it is es sential to know the 
irrigation water requirements and consumptive us e of water by crops. 
Consumptive use (evapotranspiration) and evaporation are the functions 
of the same climatic variables. Each climatic factor does not have the 
same influence on evapotranspiration and evaporation, however. 
Evapotranspiration is affected by soil factors and plant physiologic 
factors. Potential evapotranspiration is the combined evaporation and 
tran:spiration from an area that is fully covered with vegetation and 
never short of water. It is pos sible, therefore, to develop a formula 
for potential evapotranspiration based exclusively on climatological 
data by the sam'e procedures used in developing a formula for , 
evaporation. 
Many attempts have been made to do this, but because of the 
com.plexity of the problem, and many variables and interrelati'6nship~ 
involved, no completely satisfactory formula has been worked out that 
takes into consideration all of the factors involved! Most attempts 
have considered only a few of these factors, such as mean temperature 
hum.idity, and length of the day, or the measured solar energy received 
at the earth's surface. 
2 
Several studies have been made for the purpose of deriving a 
rational formula for evaporation from Weather Bureau data. 
Christiansen (1960) proposed the hypothesis that pan evaporation can 
be expressed by a rational formula of the type 
Ev = K R C 1 
in which 
Ev is the evaporation 
K is a dimensionles s constant 
R is the extraterre strial radiation that is received at the 
outer surface of the atmosphere expressed as an 
equivalent depth of evaporation in the same units of Ev. 
C is a dimensionless coefficient that is a product of 
several sub-coefficients, each one a function of climatic 
and related factors that affect evaporation. 
The value of the coefficient C in the above equation is: 
C = 2 
in which C T ' C W ' C S ' C H ' C E ' C L ' and C M represent sub-coefficients 
for temperature, wind, sunshine, humidity, elevation, latitude,. month, etc. 
Previous approach 
This thesis is an outgrowth of two previous papers and two 
Master's theses. In the first report Christiansen (1960) studied the 
evaporation at five stations in northern Utah, and derived equations for 
coeffic· t f len s or temperature, wind, relative humidity and percent of 
3 
sunshine. He assumed that the evaporation should be basically a 
function of the available energy from solar radiation., but because the 
solar radiation received at the earth's surface is measured at so few 
locations l it would be better to consider the radiation received at the 
top of the atmosphere, and the climatic and location factors that affect 
the utilization of this energy in the evaporation process. 
In a subsequent study, Christiansen a nd Patil (1961) expanded the 
study to include data for a total of 53 evaporation stations in 13 we stern 
states. The effects of latitude and elevation were now included in the 
analysis. 
This study was followed by a thesis by Patil (1962) in which he 
used up to 10 years of data at 40 stations in Texas and several western 
states. He used a total of 3 ~ 232 months of records of pan evaporation 
and other climatological data. Later a separate analysis was made of 
the same data by Mathison (1963) using similar, but different, pro-
cedures. Using pan evaporation data from 14 stations in Alaska, Iowa, 
Indiana, Georgia, Puerto Rico, Panama Canal Zone, and Hawaii, Patel 
(1963) reported a study in which he compares these data with the results 
obtained from. the formulas developed by Patil and Mathison, together 
with those previously proposed by Blaney and Criddle (1950) and 
Hargreaves (1956) and a multiple r egression equation developed from 
PatH's data. He used 374 months of record in this study and concluded 
that both P tOll 0 0 0 
a I s and MathIson 's formulas gave better correlatIons wIth 
4 
the actual data than other formulas, although for greatly different 
climatic conditions. For certain climates, such as Puerto Rico, 
however, the Patil formula gave re suIts averaging 28 percent too high, 
whereas Mathison's gave results averaging 31 percent too low. For 
the climate of Panama Canal Zone, Patil's formula gave results 
averaging 45 percent too high, and Mathison's 11 percent too high. For 
most of the 14 stations, however, the results from the formulas of 
Patil and Mathison were very close to the measured evaporation. 
Gras si (1964) used a similar procedure to analyze evapotran-
spiration data from Jensen and Haise (1963) and he developed several 
formulas expres sing potential evapotranspiration in terms of radiation 
and climatological data; and two formulas relating evapotranspiration 
to pan evaporation and climatological data. 
The purpose of this study is to derive a formula for evaporation 
by using the data as used by Patil (1962) and Mathison (1963) from 40 
stations in the western states and Texas, together with the data used by 
Patel (1963) from areas with climates ranging from extreme cold to 
tropical, and also data from Nigeria, Peru, and Canada tabulated by 
th 't ~.} 
e wrl er, so as to expand the study for a vast area naving a wide 
range of climates. 
5 
OBJECTIVES <:f 
The obj ective s of this study are: 
1. To develop an improved formula for estimating pan evapo-
ation, employing the procedures developed by 
Christiansen, Patil, Mathison, and Gras si and using data 
with a wider range of climatic conditions. 
2. To expres s in the form of quadratic or parabolic equations, 
the relationship of the various sub-coefficients to the 
factors involved. 
3. To find the mean value of the monthl y coefficient, C M , 
for each station. 
4. To find how the monthly coefficients are related to 
latitude and possibly other factors. 
6 
REVIEW OF LITERA TURE 
Literature on evaporation and evapotranspiration is ext.ensive. 
Many papers have been published during the past 50 years. Robinson 
and Johnson (1961), of the United States Geological Survey, published 
a compilation of the literature for the years 1800 to 1958. A biblio-
graphy compiled by Christiansen and Lauritzen (1963) include s some of 
the more recent publications and reports. 
Evaporation investigations 
Evaporation investigations are of two categories. One is the 
"theoretical" in which investigations are undertaken in order to develop 
or check theories of evaporation, and the other is the "practical" or 
"empirical" in which existing climatological data, and/ or newly 
developed data, are used to develop relationships from which evaporation 
can be estimated. 
Evaporation 
Evaporation can be defined as a natural process by which water 
IS changed from liquid to vapor. The fundamental law of evaporation 
from a free water surface was enunciated by Dalton in 1882, who said, 
"If the actual vapor pressure of the air above the water is less than 
that of the water surface, then evaporation will occur." Oliver (1961). 
7 
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Evapotranspiration 
Evapotranspiration is defined as the combination of evaporation 
from soil and water surfaces and transpiration from the growing 
vegetation. The term "potential evapotranspiration" applies to areas 
with 100 percent vegetative cover, and where soil moisture is not a 
limiting factor. 
Consumptive use 
Consumptive use is a term that includes the water used in building 
the plant tissue in addition to evapotranspiration. The amount of water 
used for building plant tissue is very small, and consumptive use is 
usually considered to be the same as evapotranspiration. 
Relation of evapotranspiration to evaporation 
Evaporation integrates many weather factors that affect 
consumptive use. Many attempts have been made to correlate the two 
phenomena. Pruitt and Angus (1961) used a weighing lysimeter to 
determine the evapotranspiration for mature ryegras s. They found an 
almost straight-line relationship when they plotted evaporation for a 
U. S. W. B. class A pan, located in a large grain field, versus 
evapotranspiration when they omitted data for days when there was a 
dry north wind. F h or t e days of high dry north wind, th e ratio of 
evapotransp" t" lra lon to evaporation dropped as low as 0.3, whereas the 
normal ratio was about 0.75 to 0.80. "This is due to the additional 
sensible heat transfer through the walls of the pan on strong dry north 
\ rind days, and some control by the plant s of transpiration in the high 
advection days. II [Patil (1954).] Denmead and Shaw (1959), Kijne (1961), 
and Hansen (1963) concluded that the ratio of consumptive use to 
evaporation varies during the growing season, and depends on the stage 
of growth of the crop. In the early stage s of growth the ground is not 
completely covered and some of the energy available is not utilized by 
the crop. In the latter stages, as the crop matures, the physiological 
changes in the plant result in a reduction of evapotranspiration. The 
type of the pan and the local environment also affect the ratio. 
Evaporation _from pan and . lake s 
The special committee on irrigation hydraulics of the American 
Society of Civil Engineers adopted 0 :..20 as a ratio of the annual --::::::J 
evaporation from a reservoir to that fro:rn a U. S. W . B. class A pan. 
This ratio is called the ~coefficient. Rohwer (193~), working in 
Fort Collins, Colorado, found a pan coefficient of 0.70 for the U. S~ W. B. 
pan to a re servoir 85 feet in dia:rneter. In studie s of evaporation at 
Lake Hefner, the ratio of the annual lake to pan evaporation was found 
to be 0.69. Young (1947) found the ratio of the evaporation fro:rn Lake 
Elsinore, Callofornloa 
, to a Weather Bureau pan to vary from 0.63 in 
February to 0.97 in Nove:rnber 
, with an annual ratio of 0.77. AI-Barrak 
(1964) found that the :rnonthiy ratios at Lake Elsinore could be approxi-
mated by the relation: 
9 
c = 0.79 + 17 cos [(M + 1) (n/6)] 
p 
in which 
c p 
M 
is the pan coefficient, or ratio of lake to pan 
evaporation. 
is the number of the month (January = 1). 
In a study of evaporation from Pyramid and Winnemucca Lakes, 
Nevada, Harding (1962) found that there was a large variation in the 
m.onthly evaporation rates from the two lakes. P ramid Lake is fairly 
deep and has a large heat storage capacity. Winnemucca Lake is 
shallow. The evaporation during December and January was about 
four tim.es as high from Pyramid Lake as from Winnemucca Lake, 
and during May, June, and July it was only half as much. The annual 
evaporation was the same for both lakes, about 4. 0 feet per year. The 
ratio of the evaporation from Pyramid Lake compared with the evapo-
ration from the nearest W. B. pan at Lahontan Darn, for the seven 
month period, April through October, varied from 0.31 for May to l. 62 
for October, whereas the same ratio for Winnemucca Lake varied from 
only 0.60 for April to 0.70 for June. The average ratios for the seven 
month period was 0.49 for Pyramid Lake and 0.60 for Winnemucca 
Lake. 
iration _formulas 
Several formulas have been developed for estimating evaporation 
and consum t ' 
P lve use of water by crops ?tnd other vegetation from 
10 
11 
meteorological data. Some of these methods have been found to give 
reasonably accurate results. In general, these methods may be grouped 
into four categories: ~ 
(1 ) theoretical methods based on physics of vapor transfer~ 
-
(2 ) theoretical methods based on ~ergy balance, 
(3) ePlpirical methods based on temperature, radiation and 
other data, and 
(4) empirical methods based on temperature and other data. 
Theoretical rn.ethods based on .physics of vapor transfer 
The vapor transfer approach is repre sented mathemat~ by 
the following equation as proposed by Dalton (1798): 
in which 
Or 
in which 
Ev = (e - e ) fu 
o a 
Ev is the evaporation in a unit of time 
eo is the vapor pressure of the evaporating surface. 
e a is the vapor pressure in the atmosphere. 
fu is a function of wind velocity that can be of the form: 
fu = a + b u, 
a, b, c, and u are constants. 
3 
As the rate of mixing of the air is dependent on the rate of change 
of these variables with height; the method above requires simultaneous 
measurement of wind velocity, temperature, and vapor pressure at 
different heights above the surface. Because of the difficultie s in 
measuring the variables involved with sufficient precision, this method 
is of limited value for field use. 
Meyer ..,formula. Meyer (1942) was one of the first to propose a 
~por transfer fo..rmula. His formula for lake evaEoration was written: 
in which 
Ev = C (V - V ) (1 + O. 1 w) 
w a 
Ev is evaporation in inches per month. 
J"-/ 
V is the vapor pressure of the water in inches Hg 
w 
corresponding to the mean temperature of the water 1 
foot below the surface. 
4 
V is the actual vapor pressure in the air 25 feet above the 
a 
lake or reservoir. 
w is the wind velocity in miles per hour, measured 25 feet 
above the reservoir. 
C is an empirical coefficient that depends upon the size 
-
and shape of the lake. 
Rohwer's _formula. R h (1931) d 1 d 1 f 1 a wer eve ope a genera ormu a 
for pan eva t· para lon from experiments at Fort Collins in Colorado. 
Ev = (l. 465 - O. 0186 B) (0. 44 to O. 118 W) (e - e ). 5 
o a 
12 
in which 
B is the barometric pressure in inches of mercury at 32 of. 
W is the wind velocity near the ground in miles per hour. 
(e - e ) is the vapor pressure deficit in inches of mercury. 
o a 
Equations based on temperature of the water are not practical 
for estimating evaporation because in most cases water temperatures 
are not known, and where water temperature is measured, pan 
evaporation is also measured at the same station. 
Penman's vapor .transfer formula. Penman (1948), working in 
England, proposed a formula: 
in which 
E = O. 35 (1 + O. 0098 u 2 ) (e - e ) o 0 a 
E is the evaporation in millimeters per day. 
o 
u 2 is the wind velocity in miles per day, measured 2 
meters above the surface. 
(e - e ) is the vapor pressure deficit in millimeters of 
o a 
mercury. 
Kokoulin- Yatsenkovski ..iormula. Kokoulin and Yatsenkovski 
6 
(1958) mentioned that determination of the amount of evaporation from 
the Surfac f . 
e 0 water reserVOlrs by direct measurements is not y~ 
POssible. According to these authors, the methods used today for the 
determination of the 
amount of evaporation from a water surface may 
be clas s ified as: 
13 
j 
(1) the method of calculation from the hydro-meteorological 
elements,. 
(2) the method of heat balance, and 
(3) the method of water balance. 
They say that the method of heat balance is theoretically sound, 
but requires several measurements that are not made at most 
meteorological stations and are, therefore, of . 'ted usefulness, and 
that it is intrinsically incapable of achieving necessary accuracy, as 
it contains, in the general equation, terms that are much less reliable 
than the evaporation itself. The hydro:D1eteorological method. is the 
most widely used . They conclude that~ the many empirical 
formulas proposed for the calculation of the evaporation from a water 
surface, those derived on the basis of Dalton's law are of the greatest 
practical importance :... These formulas correspond to the physical 
nature of the phenomenon and give fairly good results. 
Kokoulin and Yatesenkovski (1958) made an analysis of the diurnal 
amount of evaporation as a function of the~lative air humidity and 
found that the evaporation could be st be expres sed by the equation: 
in which 
Ev = A ( e - e ) (I + K W ) 
022 
A and K are functions of the humidity. 
Ev is the evaporation rate 
7 
eo 1S the vapor pres sure at the tempe rature of the surface 
of the evaporating liquid. 
14 
e 2 is the vapor pressure in the atm.osphere at elevation of 
2 m.eters. 
W 2 is the wind speed at elevation of 2 m.eters. 
A is a proper hum.idity factor, som.etim.es called the vapor 
transfer coefficient. 
Harbeck's .method. Harbeck (1962) presented an equation based 
on the vapor-transfer theory, which was written: 
in which 
Ev = N u (e - e ) 
o a 
Ev is the evaporation, in inches per day. 
N is a coefficient of proportionality, called the m.as s 
transfer coefficient. 
8 
u is the wind speed in m.iles per hour at 2 m.et'ers · height 
above the surface. 
e is the saturation vapor pressure in m.illibars, corre-
o 
sponding to the tem.perature of the water surface. 
e is the vapor pres sure in the air in m.illibars. 
a 
Harbeck found that a previously derived equation based on the 
Lake Hefner study, Marciano and Harbeck (1954), gave satisfactory 
results on . 
an annual basls for Lake Mead, a m.uch larger lake. 
Although th 
ere was a pronounced seasonal variation Harbeck m.inim.ized 
r 
it by . 
USlng wind spe eds m.easured near the surface of the lake. 
15 
Harbeck plotted values of the mas s -transfer coefficient, N, 
obtained from the energy budget against the~ir surfac~ea, 
A l'n acres and found that N could be expressed approximately by the , 
relation: 
N = 0.00338 A -0.05 9 
Theoretical methods based on energy balance 
Energy balan~e (or the heat budget method is the best theoretical 
approach to estimation of evaporation and evapotranspiration. The 
measurements required for the energy balance method are sim to 
make than those involved in the vapor-trans'fer approach. This 
method is discussed by Sourni an~nner (1958). 
Richardson and Cummings method. Richardson (1931) presented 
a formula, developed by Cummings and himself, based on the law of 
conservation of energy which gives evaporation as a function of 
insolation, wet and dry bulb temperatures, vapor and atmospheric 
pressures. He also said that, where radiation is not measured, it 
can be calculated by use of a transmission coefficient and a clearness 
factor. 
Penman method. Penman (1948) has presented a relatively 
complete theoretical approach to consumptive use showing that it is 
inseparabl 
y connected to incoming solar energy. The Penman formula 
r presenting pot . 
enhal evapotranspiration is as follows: 
Et = (~H + 0.27 Ea)/(~ _ 0 . 27) . 10 
16 
with values of Hand Ea given by: 
in which 
H = RA (1 - r) (0.18 + O. 55 n/N) - a Ta 4 (0.56 - O. 09Z ,,) e
a
) 
(0.10 + 0.90 n/N) 
Ea = O. 35 (e - e ) (1 + O. 0098 u z) . s a 
H is the daily heat budget at surface in mm HZ 0 per day. 
RA is the mean monthly extraterrestrial. radiation in m.m. 
HZO per day. 
r is the reflection coefficient of surface. 
n is the actual 'duration of: bright sunshine. 
N is the maximum pos sible duration of bright sunshine. 
is 
-9 0 4 
a the Boltzman constant = Z. 01 x 10 mml day I K . 
T is the absolute temperature, degrees K. 
a 
e is the saturation vapor pressure at mean dew point 
a 
(i. e., actual vapor pressure in the air) mm Hg. 
Ea is the evaporation in mm HZ 0 per day 
11 
lZ 
e s is the saturation vapor pressure at mean air temperature 
in rom Hg. 
U z is the mean wind speed at 2 meters above the ground 
(miles/day)3. 
Et is the evapotranspiration in mm HZ 0 per day. 
17 
u 1 is the :measured wind speed in :miles per day at a height, 
h in feet . 
~ is the slope of saturated vapor pres sure curve of air at 
absolute te:mperature o 0 T of F. (:m:m Hg per F~ ) 
a 
Pelton (1958) calculated the evapotranspiration by the Pen:man 
equation, and he found that, although it has a high correlation with 
potential evapotranspiration, it underesti:mates t~e actual evaporation. 
There are two principal objections to the Pen:man :method. First, 
the equations are co:mplex and rather difficult to apply, and second, 
some of the factors in the for:mula are not ordinarily :measured. 
Furthermore, the equations were based on studies in England and 
Europe and may not give reliable results in arid areas. 
Empirical methods based on te:mperature s 
radiation, and other data 
Several e:mpirical for:mulas and methods have been developed to 
estimate evaporation and evapotranspiration usin _ :meteorol ogical an 
related data. The better known for:mulas and :methods are those 
developed by Lowry-Johnson (1942), Thornthwaite (1948), Blaney-
Criddle (1950), and Hargreaves (1956). 
Lowry- Johns on :method. Lowry and Johnson (1942) developed a 
procedure f " " 
Or eSbmabng water require:ments for irrigation projects 
developed by the Unl" ted States Bureau of Recla:mation. This :method 
applied to a vall 
ey, not to an individual farm, and has been widely used 
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by the Bureau of Reclamat ion in the arid western portion of the United 
States. The Lowry-Joh nson method is essentially an empirical 
procedure based upon temperature da t a collected from the area of 
application. 
A linear relationship is as sumed between . "effective heat" and ~ 
consumptive use. Effective heat is defined as the accumulation, in 
---- ---
day-degrees, of maximum. daily growing season temperatures above 
32 oF. For example, a day having a maximum temperature of 60 0 F 
has 28 day-degrees of effective heat . 
The approximate relationship: 
U = 0.8+0.156F 13 ~ 
is used in estimating t he valley consumptive use by the Lowry-Johnson 
method in which, 
U is the consumptive use in acre-feet per acre per year. 
F is the effectiv e heat in thousands of day-degrees during 
the season 
Thornthwaite method. An excellent discus sion of the Thornthwaite 
method was presented by Pelton, King , and Tanner (1960), in which they 
pointed out that Thornthwait e' s equation doe s n2Linclu~e an adjustment 
for the general variation of net radiation with latitude and it doe s not 
account for either the lag of .temperature beh~radiation (which arises 
from the thermal storage in the soil) or the la er effect of warm and 
cool air advection on temperature or on heat exchange with the surface. 
20 
The thermal lag usually causes the greates t error in monthly estimates ~ 
of potential evapotrans piration. 
Although Thornthwai t e' s empirical formul~ is based entirely 
a temperature relation and has no theoretical justification, it 
~ ~-------~~-----------
has had great accept ance, mainly because of its ease of application by 
means of tables and nomo raphs . 
Blaney- Criddle method. Blaney and Criddle (1950) developed a 
simplified formula using temperature and monthly percentage of daytin'le 
--- - ---
hours. It was based on data obtained in the arid western portion of . 
the United States. Their formula has been used extensively by the Soil 
Conservation Service of the United States Department of Agriculture and 
many other agencies. It has also been used in many other countries. 
The Blaney-Criddle formula is as follows: 
U = K~ p t/l00 14 ~ .> 
= K ~f 
in which the followin g quant ities must be de t ermined for the same period: 
U is the consumptive use of crop, inches for a given time 
period. 
K is the empirical coefficient (annual, irrigation, season, 
or grow'ing seas on) . 
t is the mean temperature in degrees Fahrenheit. 
P is the per c entag e of day time hours of the year, occurring 
during the pe riod . 
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f = p tl 100, which is called the consumptive use factor. 
L.f is the sum of the consumptive use factors for the period. 
For monthly calculations, lower case letters are frequently used 
for clarity as follows: 
k = ulf, a monthly coefficient . 
--- ~ 
u = k f, the monthly consumptive use in inches. 
This empirical formula was developed to fit arid conditions and 
it gives good estimates of _seasonal water needs under these conditions. 
B1-aney (1956) suggested that the Blaney-Criddle formula was also 
----
suitable for estimating pan eva oration when proper values of the 
monthly coefficient, k, were applied. The k values for pan 
evaporation are usually higher than for evapotranspiration, and they 
vary greatly during the season and from place to place. Thus, the 
accuracy of the method depends on the accuracy with which the k value 
can be estimated. 
Data from Christiansen (1960) show that the value of the Blaney-
Criddle k, as applied to pan evaporation, can be expressed approxi-
mately by the relation: 
(0.10 + 0.0128 t) (0.92 + 0.20 w) 15 ~ 
in which 
t is the mean temperature 
w is the mean wind velocity, above the pan, in miles per hour. 
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Hargrea~es JorITlula. Hargreaves (1956) proposed a forITlula to ~ 
~L 
estiInate evaporation which is of the forIn: 
Ev = In (T = 32) 16 
in which 
Ev is the ITlonthly evaporation in inches. 
T is the average Inean ITlonthly teITlperature, in of. 
In = cd, is an eInpirical coefficient 'depending on 'two 
factors; c, a function of the relative hUITlidity at 
;noon, and d, a Inonthly day tiIne coefficient. 
This equatioDr uses Ineteorological factors , that are usually ITleasured. 
Christiansen Inethod and Inodifications. Christiansen (1960) 
i 
developed a farInula for e stiInating pan evaporation iE northern ~ah 
which is defined by Equation 1. SiITlilar equations have been developed 
for evapotranspiration. 
-- -~ 
Ev ~ K R C. . 1 
in which 
K is the dlInensionle s s constant 
R is the 'extraterrestrial ' radiation that ts received at the 
outer surface of the atITlosphere expressed as equivalent 
depth of evaporation in the saITle units as Ev. 
C is a diITlensionles s coefficient, which in turn is the product 
of several sub-coefficients each related to the cliITlatic and 
other factors that affect evaporation or evapotranspiration. 
The value of the coefficient, C, is the product of the sub-
coefficients, each representing a specific climatological or other factor. 
Thus, 2 
in which the subscripts indicate the sub-coefficients for temperature, 
wind, sunshine percentage, humidity, and month. A linear relation 
was developed for the different coefficients. 
A comparison of the average actual evaporation and that calculated 
from the above relationships for five northern Utah stations showed 
that the computed evaporation was within 6 percent of the measured 
evaporation for 34 out of 35 months of record. 
Christiansen and Patil (1961) modified the sub-coefficients from 
a study of evaporation data for 47 additional stations in the we stern 
states and Texas . (U. S. A.). Sub-coefficients for elevation and latitude 
were taken into account in this analysis. Second degree, or parabolic, 
equations were developed for the sub-coefficients. Mathison (1963) 
reanalyzed the same data using a more theoretical approach. He 
developed equations for a latitude coefficient based on latitude -minus 
the sun's declination (L · - D), and a monthly coefficient based on the 
month and (L - D). 
It might appear that the calculation of the sub- coefficients would 
be a tedious procedure. When once determined, ,however, the values 
of both the sub-coefficients and their logarithms can be tabulated for a 
suitable range of value s of each factor, and the value of Ev can be 
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determined very simply by adding the logarithms of the sub-coefficients, 
radiation, and the dimensionless constant (k), and taking the anti-
logarithm. 
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GENERAL PROCEDURE 
For the determination of the formula presented here, climato-
logical data and evaporation data for U. S. W. B. clas s A pans were used. 
Data from 40 stations in the western states and-Texas, which were used 
by Patil -(1962) and Mathison (1963), together with the data used by Patel 
(1963) for 14 stations from locat,ions with climates ranging from 
extreme cold to tropical, and also data from Canada, Nigeria J. and 
Peru, that have been tabulated by the writer, are used in this analysis. 
These data cover a wide range in evaporation, temperatures (maximum, 
minimum, and mean) ,. winds sunshine percentage, relative humidity, 
elevation, longitude~, and latitude. 
) . 
Climatological and other factors 
Temperature. The average monthly maximum g minimum, and 
mean temperatures, in degrees Fahrenheit were tabulated. 
Wind. At clas s A pans, wind is measured with a cup anemometer 6 
inches above the riIn of the pan. The data were tabulated in mile s per day. 
-
Relative .humidity. Relativ·e humidity is defined as the ratio of 
the amount of actual vapor pres sure in a given space to the amount 
which that volume can contain if it were fully saturated with water 
vapor, expressed as a percentage, It can also be defined as the ratio 
, 
of the actual vapor pressure to the saturated vapor pressure at the 
same teITlperature . The relative hUITlidity, as used in this study, was the 
a v erage of two daytiITle values at 6-hour intervals, usually at 11 a. ITl. 
and 5 p. ITl. The range of values was froITl 9 to 95 percent. 
Elevation. Elevation was tabulated in thousands of feet to the 
nearest ten feet. The range of elevation was froITl 9 to 10,870 feet. 
Latitude. Latitude is given in degrees and minutes. . These were 
converted to degrees and hundredths . The range of latitude was froITl 
61. 57 north of the equator in Alaska to 12 . 04 south of the equator in 
Peru. The latitudes north of the equator were considered positive and 
those to the south were considered negative , 
Longitude. Longitude, given in degrees and ITlinutes, was 
c onverted to degrees and hundreths . The range of longitude was froITl 
3 . 20 east of Greenwich to 159.35 west. No correlation was found for 
l ongitude, and it was not included in any of the equations for the sub-
coefficient. 
Radiation. Radiation~ R, is the total solar energy received at 
the outer surface of the atITlosphere on a unit horizontal area during a 
given ITlonth, expressed as equivalent depth of evaporation in inches at 
20o C. The values of R punched in the data cards were obtained by 
interpolation froITl data tabulated by Christiansen and Patil (1961), for 
the latitude of the station and specific ITlonth. These data were originally 
obtained froITl tables by Shaw (1936) which gave radiation values in 
kilowatt-hours per 100 square ITleters of horizontal surface for the 
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middle day of successive weeks. The values of R were obtained by 
using a latent heat of vaporization value of 584.9 cal/graITl at 20 0 C. 
Declination of the sun. Declination is the ITlean integrated 
declination . of' the sun for the ITlonth and is expressed in degrees and 
hundredths. When the sun is north of the equator ~ the declination is .-
considered positive, and when in the south, negative. 
Evaporation. The pan evaporation data are for the United States 
t-/ 
Weather Bureau class A pan in inches per ITlonth. The pan is ~ inches 
in diaITleter and 10 inches deep. The water level is ITlaintained about 
---
2 inches below the top riITl of the pan. The range in values of ITlorith1y 
evaporation is froITl 0.29 to 19.36 inches. 
LiITlitations of the data 
The liITlitations of the data have already been reported by Patil 
(1962~ p. 29). The additional data as used by Patel (1963) froITl 14 
sta tions in the United States did not include sunshine percentage s at 
sOITle of the stations where the evaporation was ITleasured and they 
were, therefore, taken froITl the nearest station where available . 
In Canada, ITlost of the stations do not give hUITlidity data where 
evaporation data were available, so the correlation between hUITlidity 
and the difference in ITlaxiITluITl and ITliniITluITl teITlperature was found 
by plotting the corre sponding value s of H and ~ T for available data 
for Canadian stations. The equation for this average relation is: 
27 
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H = 109.3 - 1.967 (T T . ) 17 
max mIn 
Values of H computed from this equation were automatically punched 
into the data cards for Canada. 
Proces sing the data 
The first step in processing the data with the . IBM 1620 digital 
computer was to punch the newly tabulated data into the data processing 
cards. Punched cards were available for the Patil, Mathison, and 
Patel data. All data for a single month for a given station were punched 
into one card. 
The general procedure applied was patterned after those developed 
by Christiansen (1960), Christiansen and Patil (1961), Patil (1962), 
Mathison (1963), and Grassi (1964). Some modifications were made in 
these procedures, as explained later-, in order to obtain coefficients 
that are more independent of each other . 
Beginning with the basic formula: 
Ev = K R C 1 
in which 
Ev is a pan evaporation 
K is a constant 
R is the theoret ical radiation reaching the outer atmosphere, 
expressed in equivalent evaporation in the same units as Ev. 
C is the product of sub-coefficients for the different 
climatologic al and other factors that affect evaporation. 
The procedure in the analysis was somewhat similar to that used 
by Grassi (1964). The sub-coefficients for elevation and wind were 
assumed approximately the same as found by Patil (1962) and Mathison 
( 1 963). They ar e : 
in which 
and 
in which 
Cw = 0.790 + 0.0037 W - 0.00000333 W
2 
W is the wind velocity in miles per day. 
C
w 
= 1. 0 when W = 60. 
2 
C E = 0.9654 + 0.0362 E - 0.0016 E 
E is the elevation of station in thousands of feet. 
C = ~.OwhenE= 1. E 
18 
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The ratios Ev/R and Ev/(R C w C E ), which is called RA , were 
then computed and punched into all of the data cards. 
The equation for the coefficient for temperature, C
T
, was next 
determined from the data for which values of humidity, H, and 
sunshine percentage, S, were relatively constant, H being in the range 
of 35 to 45 .and S in the range of 71 to ,89·. The equation for the humidity 
coefficient, C
H
, was then determined from all data for which the 
sunshine, S, was in the range of 71 to 89 . The equation for the 
sunshine coefficient, C S ' was next determined using all of the data. 
The residual ratio, Ev/(K C T C w C H C s C E ), was then computed for 
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all data, and the average value for each month was plotted against the 
latitude, and the latitude minus the declination of the sun, but no 
satisfactory relationship was found for a monthly coefficient, C
M
, 
which would be a function of these factors. The detailed procedure is 
outlined as follow s: 
Temperature coefficient, CT' In order to establish a coefficient 
for temperature that was more independent of the climatic factors, 
humidity and sunshine, than those developed by Patil (1962) and 
Mathison (1963), the procedure adopted by Grassi (1964) was used. 
The data cards were first sorted according to the value of the sunshine 
percentage S. Cards wi th values of S 71 to 89 were retained, and 
values outside this range were set aside. The cards were next sorted 
according to relative humidity, H, and those in the range 35 to 45 
were retained and the others set aside. This selection limited the 
initial analy-sis to 399 cards. For these data, values of humidity and 
sunshine could be considered reasonably constant, and therefore, the 
coefficient for temperature was as sumed not to be appreciably affected 
by these other factors. The remaining 399 cards were then sorted 
according to temperature, T, and broken down into groups of about 
19 cards. The mean values of T and RA were computed for each 
group. The IBM 1401 machine was used to add the 19 values and obtain 
the means. These values were plotted as x and y values and a smooth 
curve was drawn through the points as shown in Figure 1. 
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Figure 1. Coefficient of temperature, C T 
The equation for the curve was found to be: 
RA = a + b T + c T2 
= 0.070 + 0.004 T + 0.000025 T2 
= KT C T 
Letting 
C T = 1 when T = 68
0 
F (20 0 C. ) 
then 
KT = 0.4576 
and 
C
T 
= O. 1532 + 0.00874 T + 0.0000546 T2 . 
The procedure for determining the equation of the curve is 
explained in the Appendix. 
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The next step was to divide the values of RA on all the cards by 
the calculated values of the product of KT and C T to correct for the 
temperature effect. This division was made using the IBM 1620 and 
the values of Ev/(R CE Cw C T K T ) which is equal to RA/(C T K T ), 
and which is called R
B
, were punched for all the data into new cards 
in which all of the original data were duplicated. 
Humidity coefficient, CH . The next step was to find the 
coefficient for humidity. The cards with the values of H outside the 
range of 35 to ·45 were now included, and all the cards were arranged 
in increasing order of humidity and placed in 29 groups to find centroid 
values .. 
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The centroid values of RB were then plotted against centroid 
values of humidity and the best fit parabolic equation, as shown in 
Figure 2, was found to be: 
R = O. 228 - O. 003 61 H - O. 0000389 H2 
B 
22 
Letting 
C
H 
= 1 when H = 40 percent 
then 
KH = 1.022 
and 
C = 1 . 202 - O. 00353 H - O. 000038 1 H2 
H 
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The next step was to divide the values of R A on all of the cards 
by the product of C T KT C H KH to correct for the humidity effect. 
This division was made by using the IBM 1620 digital computer as 
before and the values of RB/(CH K1-I) 1.. which are called RC' were 
next punched into new cards in which the original data were duplicated. 
Ten cards with erratic values of RC were eliminated from the deck 
because it appeared that they may have continual errors in some of 
the data. 
Sunshine coefficient, Cs. The amount of solar energy reaching 
the earth's surface is a function of sunshine or cloudiness. The 
sunshine coefficient was found by the above routine procedure. The 
remaining 3727 cards were sorted in increasing order of sunshine 
percentage and grouped into lots of 54 cards to find 69 centroid values. 
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The average value of sunshine for each lot was plotted against 
the average value of RC and a very good relationship was found as 
shown in Figure 3. The equation for the be st fit curve was found by 
successive approximations to be: 
R = O. 402 + O. 0 1 9 5 - O. 00028 52 + O. 000001 7 S 3 C 
= KS Cs 
Letting 
Cs = 1.0 when S = 80 percent 
then 
KS = 1. 000 
and 
Cs = 0.402 + 0 \.019 S - 0.00028 S2 + 0.0000017 S3 
The final value of K was then: 
Then the values of RC on all the cards were divided by KS Cs to 
correct for the effect of sunshine and the ratio which is 
called R D , was then plotted against the cosine of the latitude - -declination __ 
but no significant relationship was found . 
Monthly coefficient, C M ' The cards with values of RC that 
were highly erratic, that is, differing greatly from most of the values 
for the same station and month, or from the mean value of I , 0 by 50 
percent or more, except where the correction for sunshine would bring 
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the values of RD to within a range of about O. 60 to 1.40, were removed 
from the deck because it was believed that the average values for the 
monthly coefficients would be more reliable if these data were omitted. 
This reduced the remaining cards to 3657. Mean value s of R D for 
each month for each station were next computed and punched into a new 
deck of cards. An inspection of these values of RD indicated that 
there are still significant variations in the mean values of RD that 
could not be eliminated by a monthly coefficient that was a function of 
latitude, or the latitude minus the declination of the sun, It appeared, 
however, that several stations in the same general area with somewhat 
similar climates had approximately the same monthly values of RD" 
The' 73 stations as listed in Table 1 were next placed into 16 
groups according to latitude and general climatic conditions. The Peru 
station, the only one south of the equator, which was at an elevation : 
of 10,870 feet, was placed in group 1 because no other station had a 
similar year around climate. All the stations in Nigeria, and the two 
in Panama, all within a latitude range of 4.85 to 13.01 North, were 
placed in group 2. Puerto Rico was grouped with Hawaii because of 
latitude, although the average monthly values of RD were a little 
lower than for the three Hawaiian stations. The eastern TexaG and 
Georgia stations were placed in group 4, and the western Texas station 
was grouped with Arizona because of more similar climatic conditions . 
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Table 1. List of stations for which data were collected and analyzed . 
Station ~ame of State or Year Mo. of Mean 
.number station county from to record Lat. Long. Elev. CM 
l ' Chula Vista California 1951 1960 120 32.60 N 117.17W 9 1.056 
2 Chico Expt. Station California 1951 1960 105 39.70 .122.25 205 0.900 
3 Davis Agr. College California 1951 1960 110 38.53 121.48 51 1.019 
4 Lodi California 1951 1960 113 38.12 121. 48 40 0.943 
5 Newark California 1951 1960 93 38.51 122.20 14 I. 118 
6 . Friant Govt. Camp California 1951 1960 III 36.98 119.70 410 1.136 
7 Backus Ranch California 1951 1960 94 34. 95 119.70 2645 1. 133 
8 Sacaton Arizona 1951 1956 78 33.07 112.02 1285 1.048 
9 Yuma Citrus Station Arizona 1950 1960 125 32.62 114.60 191 0.994 
10 Mesa Expt. Farm Arizona 1950 1960 130 33.42 112.02 1225 0.919 
11 Tucson U. of A. Arizona 1950 1960 129 32.23 110.93 2410 O. 960 
12 Tempe U. of A ., C.E.S. Arizona 1956 1960 58 33.38 112.02 1180 0.874 
13 Ysleta Texas 1951 1960 118 31. 70 106.40 3668 1. 101 
14 Spur Texas 1951 1960 98 33.48 101.80 2274 0.855 
15 Beaumont Expt. Sta . Texas 1951 1960 . 91 30.07 94.02 30 0.856 
16 Austin Texas 1951 1960 III 30.30 97.70 530 l. 013 
17 Dilley Texas 1951 1960 118 28.67 98.47 569 1.094 
18 Mansfield Dam Texas 1951 1960 114 30.40 97.70 550 1.022 
19 Weslaco Expt. Farm Texas 1951 1960 109 26. 15 97.47 75 1. 007 
20 Seattle Maple Leaf Washington 1953 1960 59 47.70 122.30 422 0.861 
21 Moses Lake 2 E Washington 1951 1960 52 47.12 117.52 1208 l. 090 
22 Prosser 4 NE Washington 1951 1960 70 46. 15 120.53 840 0.785 
23 Bozeman Agr. College Montana 1951 1960 44 45.67 112.00 4856 0.916 
24 Canyon Ferry PH Montana 1957 1960 21 46.65 112.00 3672 0.865 
25 Fort As sinniboine Montana 1951 1960 39 48.50 109.67 2687 1.034 
v.> 
00 
Table 1. Continued. 
Station Name of State or Year Mo. of Mean 
number station county from to record Lat. Long. Elev. CM 
26 Hungry Hor se DaIll Montana 1951 1960 30 48.35 N 114.08W 3160 0.864 
. 27 Tiber Dam Montana 1954 1960 34 48.32 111.35 2850 0.964 
28 Bear River Refuge Utah 1951 1960 65 41.50 112.27 4208 0.877 
29 Logan USAC Expt. Sta . . Utah 1951 1960 65 41.75 Ill. 82 4608 0.822 
30 Milford WBAP Utah 1953 1960 49 38.42 113. 02 5028 1. 112 
31 Provo Radio KSAS Utah 1951 1960 54 40.22 Ill. 67 4470 0.815 
32 Utah Lake - -Lehi Utah 1951 1960 83 40.37 Ill. 90 4497 0.869 
33 Salt Air ·Salt Plant Utah 1956 1960 35 40. 77 112.10 4210 0.973 
34 Wanship Dam Utah 1955 1960 27 40.80 111.40 5950 0.796 
35 Estes Park Colorado 1951 1960 51 40.38 105.52 7525 0.850 
36 Grand Junction WBAP Colorado 1951 1960 66 39.10 108.53 4849 1.144 
37 Pueblo City Reservoir Colorado 1951 1960 74 38.23 104.63 4799 0.899 
38 Cottage Grove Dam Oregon 1951 1960 53 43.72 123.05 831 0.949 
39 Medford Expt. Sta. Oregon 1951 1960 112 42.30 122.87 1457 0.963 
40 Corvallis St. College Oregon 1951 1960 48 44. 63 123.20 225 O. 992 
41 Ames Iowa 1957 1959 21 42.00 63.65 1004 0.916 
42 Iowa City Iowa 1957 1959 - 21 41. 65 91. 53 645 0.966 
;43 Castana Iowa 1957 1959 20 42. 07 95.82 1442 0.919 
44 San Juan W. B. City Puerto Rico 1958 1960 34 18.47 66. 12 47 O. 952 
45 Matanuska Alaska 1958 1960 13 61. 57 149.27 150 0.983 
46 Lihoue W.B. Airport Hawaii 1958 1960 35 21.98 159.35 115 1.080 
47 Hilo W. B. Airport Hawaii 1958 1960 36 19.72 155.07 31 1. 157 
48 U. S. Mag. Obsy. 702 Hawaii 1958 1960 35 21. 30 158.10 10 1.034 
49 Expe rimental Station Georgia 1957 1959 29 33.27 84.28 925 1.006 
50 Alatoona Dam 2 Georgia 1957 1959 23 34.17 84.73 975 O. 924 
V-l 
-.D 
Table 1. Continued. 
Station Na:rne of State or Year 
nu:rnber station county fro:rn to 
51 Gatun Panama, C.Z. 1956 1958 
52 Madden DaITl PanaITla, C. Z. 1956 1958 
53 Evansville" W. B.. Airport Indiana 1954 1956 
54 Kendall ville Indiana 1954 1956 
55 Port Harcourt E. Nigeria 1964 
56 Calibar E. Nigeria 1964 
57 Warri W. Nigeria 1964 
58 Ikeja W. Nigeria 1964 
59 Enugu E. Nigeria 1964 
60 Ibadan Moor PL. W, Nigeria 1964 
61 Makurdi N. Nigeria 1964:' 
62 Jos N. Nigeria 1964 
63 Yola N. Nigeria 1964 
64 SaITlaru N. Nigeria 1964 
65 Maidugri N. Nigeria 1964 
66 Sokoto N. Nigeria 1964 
67 IGP Huancayo Peru 1-961 1963 
68 Vancouver, U. B . C. B. C~ . 1963 
69 VauXha11 "CDA- Alberta 1963 
70 Outlook PFRA S~ska tchewan 1963 
71 Winipeg Int. A. Manitoba 1963 
72 Guelph OAC. Ontario 1963 
73 Knoblake A. Quebec 1963 
Mo. of 
record Lat. Long. 
34 9.27 N 79.93 W 
34 9.20 79.62 
19 38.05 87.53 
18 41. 45 85.25 
3 4.85 7.01 E 
4 4. 97 8.35\ 
7 5.73 5.44 
4 6.58 3 . 20 
3 6.46 7.33 
3 7.38 5.74 
5 7.68 8.37 
7 9.86 8.54 
5 9.23 12.28 
6 II. 18 7.38 
6 11. 85 13.05 
6 13. 01 10.28 
34 12.04 S 75.32 W 
9 49.26 N 123.25 
7 50.05 112.13 
5 51 . 48 107.05 
6 49.90 97.23 
6 43.55 80.26 
3 59.80 66.81 
Elev. 
95 
250 
383 
996 
58 
207 
13 
125 
449 
351 
318 
4217 
570 
2250 
1160 
990 
10870 
305 
2555 
1774 
786 
1095 
1681 
Mean 
C M 
0.796 
0.997 
0.967 
0.902 
I. 119 
1.091 
0.758 
1.050 
0.989 
0.892 
0.812 
1.043 
0.945 
0.861 
1.074 
1.029 
1.236 
1.09-0 
1 . 270 
1. 134 
1.184 
1.042 
1.032 
~ 
o 
The :mean values of Rn for each :month for each group were 
next co:mputed. These values were then plotted and s:mooth curves 
were drawn through the points as shown in Figures 4 to 7. 
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Figure 5. Monthly coeffic ients for groups 5 - 8 
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Figure 6. Monthly coefficients for groups 9 - 12 
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DISCUSSION OF RESULTS 
Comparison of sub- coefficients 
The present study differs from that of Patil (1962) in two major 
respects. The data includes, in addition to those used by Patil (1962) 
and Mathison (1963), 501 months of data from the midwest and southern 
states, Puerto Rico, Panama, Hawaii, Canada, Alaska, Nigeria, and 
Peru. Most of these data were for climates more humid than those of 
the original data and therefore extended the range of most weather . 
factors. The second difference was in the analytical procedure. A 
technique suggested by Grassi (1964) was used to develop coefficients 
for temperature, humidity, and sunshine. These coefficients are more 
independent of other climatic factors than those developed by Patil (1962) 
and Mathison (1963). The resulting equations should better represent 
the relative effects of the different climatic factors on pan evaporation. 
A comparison of the sub-coefficients, C T ' CW ' C H ' C S ' and C E ' 
developed in this study and those of Patil (1962) and Mathison (1963) 
are shown in Figures 8 to 12. Figure 8 shows graphically a comparison 
of the temperature coefficients obtained by Patil . (1962), Mathison (1963)J 
and in the present study, using mostly the same data. The differences 
are quite large, but may be explained as follows: 
Patil used all of the data and obtained his equation by plotting Ev 
against T. This relationship was significantly affected by variations 
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in the other factors; especially humidity and sunshine which are 
correlated with temperature. Mathison obtained his temperature 
coefficient by first plotting Ev against R and obtaining a relationship 
from which a coefficient of radiation, C
R
, was obtained and then 
plotting Ev / C
R 
against T to obtain CT. The coefficients of 
temperature for Patil's and Mathison's equations are, therefore, not 
strictly comparable. In the present study, the C
T 
equation was 
obtained for the data having approximately mean constant values of H 
and S, after first correcting for elevation and wind. This procedure 
should give values of C
T 
that are more independent of other factors. 
It may be of interest to note that the Mehta values of C T are more 
nearly the same as those obtained by Mathison for low temperatures, 
and higher than those of Mathison and Patil for high temperatures. The 
coefficient for wind, C W ' Figure 9, was assumed from those developed 
by Patil (1963) and Mathison (1964) and was written with approximate 
mean value s of the constant. and coefficients of Wand W2 . The 
result, however, is more nearly similar to Mathison's coefficient than 
Patil's, but differs from both of them only for high values of W. 
The equation for the coefficient of elevation, C E , Figure 12, was 
taken from those of Mathison and Patil. Patil used a value of C E = 1 
for an elevation of 2, 000 feet. Mathison's value was 1. a for an elevation 
of 1, 000 feet, which was adopted in the present study. When corrected 
to this value, Patil's curve would be almost identical with the others. 
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The coefficient for hurnidity, CH, Figure 10, is quite different 
from those developed by Patil and Mathison. Patil's humidity curve is 
flatter, probably because of the interrelationships between temperature, 
humidity, and sunshine. Patil considered sunshine first, then hurnidity; 
consequently his sunshine curve is steeper than Mathison' s~ and his 
humidity curve flatter. Mathis on used the difference between maximum 
and minimum temperature, Td, as an index of humidity. The curve 
for Mathison's humidity coefficient was obtained by first evaluating Td 
from his relationship between humidity and temperature difference and 
then computing C from the equation based on Td~ The procedure used H . 
in this study appear s to give a more independent coefficient for humidity 
because it was developed for the data for which the sunshine percentage 
was 71 to 89 after correcting for temperature, vvind,and elevation. 
The coefficient for sunshine. C S ' Figure 11, is in between those 
developed by Patil and Mathison except for values of S exceeding 88 
percent. To obtain a reasonably good fit, as shown in Figure 3, a third 
degree equation was necessary. The difference between the coefficients 
developed by Patil and Mathison from the same data is due to the 
difference in the procedures used by them. Patil considered sunshine 
before humidity, and Mathison considered humidity before sunshine. 
Since sunshine and humidity are highly correlated, the factor considered 
fir st will have the steepest slope as shown. The sunshine coefficient 
developed here should be more independent of humidity than those of 
Patil and Mathison because of the procedure followed . 
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The elevation coefficient, C
E
, was as sUr!1.ed as -a mean value between 
the equations of Patil and Mathison. The difference in the curves , as 
shown in Figure 12, is due to the fact that Patil's, C
E
, has a value of 
1. a for E = 2 (2, 000 fe'et). For Mathison's and Mehta's, the value , of 
C E is 1.0 for E = 1 (1,000 feet). 
Monthly coefficients 
The monthly coefficients for the Peru station were all high, 
averaging about 1.24. To determine whether this coefficient could 
have been reduced by changing the coefficient of elevation, C E , all 
values of RD were plotted against elevation. This plot, however, 
indicated that no general improvement could be made by a change in CEo 
The monthly coefficients for group 2, the Nigeria and Panama 
stations, Figure 4, averaged about O. 93. In general , the monthly 
coefficients are lowest during the rainy season, an observation that 
appears to hold for most of the data. 
The monthly coefficients for group 3, Puerto Rico and Hawaii, 
Figure 4, averaged about 1. 06 . The values for the Hawaiian stations 
were somewhat higher than for Puerto Rico. 
The monthly coefficients for the east Texas and Georgia stations , 
Figure 4, showed much more seasonal variation than for the more 
tropical stations as might be expected. They were highest during the 
winter months and lowest during April, May, and June. Patil (1962) 
found the lowest values during May, June, July, and August, and the 
54 
highest during November and February. 
The west Texas and Arizona stations , Figure 5, had nearly 
constant values of C M throughout the year, averaging approximately 
I , O. The values for Chula Vista, California, on the coast near San 
Diego, averaged 1 . 05. They were highest in October and November 
and lowest in January and February. 
The two inland station s , Friant and Backus Ranch, Figure 5, had 
high monthly coefficients, a v eraging 1.14. The climates at both stations 
were hot and arid. The nearest station for which humidity and sunshine 
was available was Fresno , and undoubtedly, the humidity at Fresno, 
loc.ated in a large irrigated area, was higher, and the sunshine possibly 
lower, than for Friant and Backus Ranch . There is no way, however, 
to obtain correct values of Hand S, so for the estimation of pan 
evaporation under conditions similar to those at Friant and Backus 
Ranch, it would be better to use valley values for Hand S and monthly 
coefficients as given for these stations. 
The north- central California stations, Figure 5, had value s of 
C M averaging about 1.0 for nine months, with low values averaging 
0.87 for the rainy winter months , December , January, and February. 
The monthly coefficients for groups 9 to 12, Figure 6, all 
continental stations with a latitude range of 38 to 42 degrees north, are 
all lowe st during the summe r mont hs. The coefficients for Milford, 
Utah, and Grand Junct ion , Colorado, both of which could be clas sified 
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as hot and dry during the sujnrner, showed a similar seasonal 
variation, but were about 20 percent higher than for the other stations 
when the summer values were in the range of 0.85 to 0.90. 
The seasonal variation of C
M 
for western Oregon, Figure 7, 
and for Seattle and Prosser, Washington, Figure 7, is almost exactly 
opposite that of the inland continental stations, being lowest during the 
wet winter period, and highest during the summer. This is also 
characteristic of the California stations. The average values were 
generally lower than for most other stations. 
The monthly coefficients for Moses Lake, Washington, in the 
Columbia Basin, Figure 7, were considerably higher than for Prosser, 
Washington. This might pos sibly be accounted for by the fact that the 
humidity and sunshine values used for Moses Lake were taken from the 
Spokane station and those for Pros ser were from Yakima. and Walla 
Walla, Washington stations. 
Although there was considerable variation in the monthly 
coefficients for the Canadian stations, most of them averaged above 
1. 0 so they were grouped with the Moses Lake station to obtain the 
mean monthly values as shown in Figure 7. 
The coefficients for western Montana, Figure 7, were lowest 
during May, June, and July and highest during August, September, and 
October. 
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A part of the variation in the monthly coefficients as shown is 
probably due to the fact that in most instances the humidity and sunshine 
values are available only at official W. B. stations generally located 
at airports, whereas the evaporation stations are generally located in 
agricultural areas or near reservoirs or lakes. It was necessary to 
use sunshine and humidity data from the neare st available source, and 
sometimes this may have resulted in appreciable error. 
Final formula and sub-coefficients 
After taking out the effect of sunshine t the average value of the 
final ratio Ev/K(R C T Cw C H Cs C E ) was found to be 0.9-81. 
The formula proposed for computing evaporation from a standard 
·u. S. B. R. clas s A pan is, the,refore: 
in which 
K = 0.4677. 
R is the radiation as given in Table 3. 
C T = 0.1532 + 0.00874 T + 0.0000546 T2 (Table 4). 
2 Cw = 0.790 + 0.0037 W - 0.00000333 W (Table 5;). 
2 
C E = 0.9654 + 0.0362 E - 0.0016 E (Table 8). 
C = 1. 2 02 - o. 0035 3 H - O. 000038 1 H2 (Table 6). 
H 
2 3 Cs = 0.402 + 0.019 s - 0.0028 S + 0.0000017 S (Table 7). 
C is the monthly coefficient as given in Table 2, taken from 
M 
the curves in Figures 4 to ! " 
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Application of the formula 
The formula at this moment looks impractical because of the 
time needed to calculate the coefficients. 1\his problem is solved by 
the presentation of several tables which give the coefficient and the 
logarithm of the coefficient for each of the factor s. 
To show just how the formula can be applied, the following 
example, based on the same climatic data as was used by Patil (1962), 
is presented: 
Station: Lodi, California 
Year: 1951 
Month: June 
Factor Value 
K 0.4~77 
R (Ta bl e 3) 19. 83 
Temperature, of 
Wind, mpd 
Humidity, % 
Sunshine, % 
Elevation, feet 
Monthly coefficient (Figure 5) 
Sum of logarithm 
Estimated evaporation (antilog) 
Actual evaporation 
67.7 
74.6 
42.5 
96 
40 
Coefficient Logarithm 
-0.3300 
1.2973 
0.995 -0.0021 
1.048 0.0202 
0.985 -0.0029 
1. 15 0.0605 
0.967 -0.0146 
1. 00 0.0000 
1.0284 
10.68 
10.02 
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Table 2. Monthly coefficients by groups. 
Months 
Latitude of 
Group Range Record Jan Feb. Mar. 
South 
1 12 34 1.24 1.23 1.25 
North 
2 4 - 13 127 0.93 0.96 0.96 
3 18 - 22 140 1. 10 1.08 1.05 
4 26 - 34 688 1.10 1.05 1.00 
5 31 - 34 638 0.95 1.00 1.02 
6 33 120 0.96 1. 00 1.02 
7 34 - 37 205 1.04 1.05 1.05 
8 38 - 40 421 0.88 0.850.95 
9 38 - 42 99 
10 38 - 39 115 
11 38 - 41 125 1 . 15 1.10 
12 40 - 42 325 0.85 
13 42 - 45 213 0.75 0.77 0.85 
14 45 - 49 168 
15 46 - 48 130 0.65 O. 75 
16 43 - 62 100 
* From Figure s 4 to 7. 
* 
Apr. 
1.24 
1.00 
1.05 
0.94 
1.02 
1.05 
1.08 
1.00 
0.92 
1.20 
0.90 
0.85 
0.93 
0.97 
O. 75 
1.18 
May June July Aug. Sept. Oct. Nov. Dec. 
1.21 1. 22 1.33 1 . 34 1. 26 1. 20 1. 1 6 1. 1 7 
0.93 O. 94 O. 90 O. 90 . O. 92 O. 93 O. 96 O. 95 
1 . 04 1. 025 1. 04 1. 03 1.05 1 . 06 1. 065 1. 10 
O. 90 0 .. 94 O. 95 O. 98 1.00 1.051.14 1.19 
0.99 0.98 1.000.98 0.98 1. 00 1. 00 1.00 
1.05 1.07 1 . 05 1. 07 1.05 1.101.10 1.05 
1 . 09 1. 09 1.12 1.18 1.23 1.251.27 1. 18-
1 . 00 1. 00 o. 99 1.03 1 . 04 1. 03 O. 97 O. 89 
O. 90 o. 90 o. 90 0.95 O. 98 1.05 
1.15 1.08 1.10 1.101.13 1. 20 1.33 
0.88 0.85 0.84 0.83 O. 87 1. 04 1. 04 
0.84 0.84 0.83 0.88 0.92 0.94 
0.94 0.97 1. 00 1.03 0.95 0.90 0.80 0.70 
0.90 0.88 0.90 1.00 1.00 0.98 
0.80 0.80 0.85 0.87 0.850.80 0.75 
1.13 1.08 1. as 1.05 1.101.15 
I.Jl 
..0 
Table 3. Solar radiation, R, at top of atITlosphere. Expressed as equivalent evaporation at 20oC.~'< 
Latitude Jan. Feb.~~* Mar. AEr. May June July Aug. SeEt. Oct. Nov. Dec. 
North inches 
60 1.76 3.93 8.53 13.28 18.05 19.51 19.12 L5.39 10.23 5.68 2. 27 1.19 
50 4.59 6.65 11.27 15.12 19.01 19.80 19.72 16.91 12.48 8.70 5.15 ) 3.80 
45 6.05 7.99 12.53 15.89 19.34 19.88 19.90 17.52 13.51 10.12 6.60 5.21 
40 7.53 9. 29 13.69 16.56 19.57 19.89 20.00 18.02 14.45 10.44 8.03 6.67 
35 9.03 10.54 14.74 17.12 19.69 19.80 20.00 18.41 15.29 12.66 9.45 8.16 
30 10.52 11.72 15.68 17.57 19.70 19.60 19.90 18.68 16.02 13.78 10.80 9.66 
25 11.97 12.82 16.50 17.90 19.59 19 . 28 19.68 ,18.82 16.63 14.80 12.10 11 . 15 
20 13 , 35 13.83 17.20 18.10 19.35 18.84 19.34 ,18.83 1·1.11 15.74 13.34 12.61 
15 14.63 14.74 17.77 18.16 18.98 18.29 18.87 18.70 17.45 16.60 14.50 14.03 
10 15.81 15.54 18.20 18.07 18.48 17.63 18.27 18.44 17.65 17.36 15.57 15.36 
5 16.88 16.22 18.49 17.85 17.86 16.86 1.7.55 18.05 17.72 17.98 16.53 16.59 
Equator 17.84 16.78 18.63 17.50 17.12 15.9'9 16.71 17.53 17.67 18.42 1 J. 37 17.70 
South 
5 18.68 1 7.23 18.62 17.03 16.27 15.02 15.77 16.88 17.46 18.68 18.09 18.67 
10 19.40 1 7.58 18.47 16.43 15.32 13.95 14.73 16.10 17.15 18.80 18.70 19.51 
15 20.02 17.72 18.19 15.71 14.27 12.79 13.60 15.20 16.70 18.80 19.19 20.23 
20 20.52 17.84 17.79 14.87 13.12 11.57 12.39 14.20 16.12 18.70 19.55 20.73 
25 20.90 - 17.84 17.27 13.92 11.89 10.29 11. 11 13.17 15.42 18.50 19.77 21.21 
30 21.14 17.70 16.63 12.86 10.58 8.95 9. 77 12.00 14.61 18.18 19.85 21.56 
35 21.28 1 7.42 15.84 11.70 9.21 7.57 8.38 10.77 13.70 17.72 19.81 21.78 
40 21.22 17.00 14.92 10.56 7.80 6.19 6.96 9.49 12.69 17.11 19 . 66 21.86 
50 20.88 15.76 12.68 8.00 5.09 3.59 4.16 6.28 10.31 15.44 19.07 ?1.65 
* 
**CoITlputed froITl data by Napier Shaw (1942). 
February cOITlputed for average of 28.25 days. 
0' 
0 
Table 4. Temperature, coefficient of temperature and log CT' 
T T C T Log C T T T C T Log C T 
of °c of °c 
35 1.67 .526 -.2790 70 21. 11 1.033 .0138 
36 2.22 .539 -.2687 71 21. 67 1.049 . 0207 
37 2. 78 .551 -.2585 72 22. 22 1.066 .0275' 
38 3.33 .564 -.2485 73 22. 78 1.082 .0343 
39 3.89 .577 -.2387 74 23.33 1.099 .0409 
40 4.44 .590 -.2290 75 23.89 1 . 116 .0475 
41 5.00 .603 -.2194 76 24 . 44 1. 133 .0541 
42 5.56 .617 -.2099 77 25.00 1 . 150 .0606 
43 6. 11 .630 -.2006 78 25.56 1 . 167 .0671 
44 6.67 .643 -.1914 79 26. 11 1.184 .0735 
45 7.22 .657 -.1824 80 26.67 1.202 .0798 
46 7.78 .671 -. 1 734 81 27.22 1.219 .0861 
47 8.33 .685 -.1645 82 27.78 1.237 .0923 
48 8.89 .699 -.1558 83 28.33 1.255 .0985 
49 9.44 .713 -.1471 84 28.89 1.273 .1047 
50 10.00 .727 -.1386 85 29.44 1.291 .1107 
51 10.56 .741 -.1302 86 30.00 1.309 · 1168 
52 11 . 11 .755 -. 1218 87 30.56 1.327 .1228 
53 11.67 .770 -.1136 88 31. 11 1.345 .1287 
54 12.22 .784 -. 1054 89 31. 67 1.364 .1346 
55 12.78 .799 -.0974 90 32.22 1.382 .1405 
56 13.33 .814 -.0894 91 32.78 1.401 .1463 
57 13.89 .829 -. 0815 92 33.33 1.41 e .1520 
58 14.44 .844 -.0737 93 33.89 1.438 .1578 
59 15.00 .859 -.0660 94 34.44 1.457 .1635 
60 15.56 .874 -.0584 95 35.00 1.476 · 1691 
61 16. 11 .890 -.0508 96 35.56 1.495 .1747 
62 16.67 .905 -.0433 97 36. 11 1.515 .1803 
63 17.22 
. 9~~ -.0359 98 36.67 1.534 .1858 
64 17.78 .936 -.0286 99 37.22 1.554 · 1913 
65 18.33 .952 -.0213 100 37.78 1.573 .1967 
66 18.89 .968 -.0141 101 38.33 1.593 .2022 
67 19.44 .984 -.0070 102 38.89 1.613 .2075 
68 20.00 1.000 .0000 103 39.44 1.633 .2128 
69 20.56 1.016 .0070 104 40.00 1.653 · 2181 
Table 4. Continued. 
T T C T Log C T 
of °c 
105 40.56 1.673 .2234 
106 41. 11 1.693 .2286 
107 41.67 1. 713 .2338 
108 42.22 1.734 .2390 
109 42. 78 1.755 .2441 
110 43.33 1.775 .2492 
III 43.89 1.796 .2543 
112 44.44 1.817 .2593 
113 45.00 1.838 .2643 
114 45.56 1.859 .2693 
115 46.11 1.880 .2742 
116 46.67 1.902 .2791 
117 47.22 1.923 .2840 
118 47.78 1.945 .2888 
119 48.33 1.966 .2936 
120 48.89 1.988 .2984 
Table 5. Wind, coeffic ient of wind, and log CWo 
W W C Log C
w W W Cw LogCW W 
rni/day krn/day rni/day krn/ day 
0 0.00 .790 -. 1023 
5 8.05 .808 -.0923 1'55 249.45 1.283 .1083 
10 16.09 .827 -.0826 160 257.50 1.297 .1128 
15 24.14 .845 -.0732 165 265.54 1.310 .1172 
20 32.19 .863 -.0641 170 273.59 1.323 .1214 
25 40. 23 .880 -.0553 1 75 281.64 1.336 .1256 
30 48.28 .898 -.0467 180 289.68 1.348 .1297 
35 56.33 .915 -.0383 185 297.73 1.361 · 1337 
40 64.37 .933 -.0302 190 305.78 1.373 .1375 
45 72.42 . 950 -.0223 195 313.82 1.385 .1414 
50 80.47 .967 -.0147 200 321 . 87 1.397 .1451 
55 88.51 .983 -.0072 205 329.92 1.409 .1487 
60 96. 56 1.000 .0000 210 337.96 1.420 .1523 
65 104. 61 1.016 .0070 215 346.01 1.432 .1558 
70 112.65 1.033 .0139 220 354.06 1.443 .1592 
75 120.70 1.049 .0206 225 362.10 1.454 .1625 
80 128. 75 1.065 .0272 230 370.15 1.465 .1657 
85 136.79 1.080 .0336 235 378.20 1.476 .1689 
90 144.84 1.096 .0398 240 386.24 1.486 .1603 
95 152.89 1 . III .0459 245 394.29 1.497 · 1 751 
100 160.94 1.127 .0518 250 402.34 1.507 .1780 
105 168.98 1.142 .0575 255 410.38 1.51 7 .1809 
110 1 77. 03 1.157 .0632 260 418.43 1.527 .1837 
115 185.08 1 . 1 71 .0687 265 426.48 1.537 .1865 
120 193. 12 1. 186 .0740 270 434.52 1.546 .1892 
125 201. 1 7 1.200 .0793 275 442.57 1.556 
· 1919 
130 209.22 1 .215 .0844 280 450.62 1.565 .1944 
135 217.26 1.229 .0894 285 458.66 1.574 .1969 
140 225.31 1.243 .0943 290 466.71 1.583 .1994 
145 233.36 1.256 .0991 295 474.76 1.592 .2018 
150 241.40 1.270 .1 Q38 300 482.81 1.600 .2042 
Table 6. Relative humidity, coefficient of humidity, and log CH . 
H C H Log C H H 
C H Log CH 
% 0% 
0 1.202 ~ . 0799 
1 1.198 .0786 36 1.026 .0110 
2 1. 195 .0773 37 1.019 .0083 
3 1.191 .0759 38 1.013 .0055 
4 1. 187 .0745 39 1.006 .0028 
5 1. 183 .0731 40 1.000 .0000 
6 1.179 .071 7 41 .993 -.0030 
7 1.175 .0702 42 .987 -.0059 
8 1. 1 71 .0687 43 .980 -.0089 
9 1.167 .0671 44 .973 -.0119 
10 1. 163 .0655 45 .966 -.0150 
1 1 1. 159 .0639 46 .959 -.0182 
12 1.154 .0623 47 .952 -.0214 
13 1. 150 .0606 48 .945 -.0247 
14 1.145 .0588 49 .938 -.0280 
15 1.140 .0571 50 .930 -.0314 
16 1. 136 .0553 51 .923 -.0349 
17 1. 131 .0535 -52 .915 -.0384 
18 1.126 . 0516 53 . 9 08 -.0420 
19 1. 121 .0497 54 .900 -.0456 
20 1 . 116 .0477 55 .893 -.0493 
21 1 . III .0457 56 .885 -.0531 
22 1.106 .0437 57 .877 - . 0570 
23 1 . 101 .0417 58 .869 -.0609 
24 1.095 .0395 59 .861 -.0649 
25 1.090 .0374 60 .853 - . 0690 
26 1.084 .0352 61 .845 -.0732 
27 1.079 .0330 62 .837 -.0774 
28 1.073 .0307 63 .828 -.0818 
29 1.068 .0284 64 .820 -.0862 
30 1.062 .0260 65 .812 -.0907 
31 1.056 .0236 66 .803 -.0953 I' 
32 1.050 .0212 67 .794 -.0999 
33 1.044 .0187 68 .786 -. 1047 
34 1.038 .0162 69 .777 -.1096 
35 1.032 .0136 70 .768 -.1145 
Table 6. Continued. 
H C H Log C H 
% 
71 .759 -.1196 
72 .750 -. 1247 
73 .741 -.1300 
74 .732 -. 1354 
75 .723 -.1409 
76 .714 -. 1465 
77 .704 -.1522 
78 .695 -. 1 581 
79 . 685 -. 1641 
80 .676 -.1702 
81 .666 -. 1 765 
82 .656 -.1829 
83 .647 -.1894 
84 .637 -. 1961 
85 .627 -. 2030 
86 .61 7 -.2100 
87 .607 -.2172 
88 .596 -,2245 
89 .586 -. 2321 
90 .576 -,2398 
91 .565 -.2477 
92 .555 -. 2559 
93 .544 -.2643 
94 .534 -.2728 
95 .523 -.2817 
96 .512 -.2907 
97 .501 -.3001 
98 .490 -.3097 
99 .479 -.3196 
100 .468 -.3298 
Table 7. Sunshine percentage, coefficient of sunshine, and log CS ' 
I s Cs Log C.S S Cs Log·.~S 
% % 
0 .402 -.3958 
1 .421 -.3760 36 .802 -.0956 
2 .439 -.3576 37 .808 -.0927 
3 .457 -.3405 38 .813 -.0899 
4 .474 -.3245 39 .818 -.0872 
5 .490 -.3096 40 .823 -. 0847 
6 .506 -.2956 41 .827 - . 0823 
7 .522 -.2825 42 .832 -.0799 
8 .537 -.2700 43 .836 -.0776 
9 .552 -.2584 44 .841 - , 0753 
10 .566 -.2474 45 .845 -.0732 
11 .579 -.2370 46 .849 -.0711 
12 .593 -.2272 47 .853 -. 0691 
13 .605 -. 21 79 48 .857 -.0671 
14 .618 -.2091 49 .861 -. 0651 
15 .630 -.2008 50 .865 -.0632 
16 .641 -.1929 51 .868 -.0614 I I 
17 .652 -.1854 52 .872 -.0595 
18 .663 -.1783 53 .876 -.0577 
19 .674 -.1715 54 .8'79 -.0559 
20 .684 -.1652 55 .883 -.0541 
21 .693 -.1590 56 .886 -.0523 
22 .703 -.1533 · 57 .890 -.0506 
23 .712 -.1477 58 .894 -.0488 
24 .720 -. 1425 59 .897 -.0470 
25 .729 -.1375 60 .901 -. 0451 
26 .737 -.1327 61 .905 -.0433 
27 .744 ~. 1282 62 .909 -.0415 
28 .752 -. 1239 63 .913 - . 0397 
29 .759 -.1197 64 . ') 1 7 - . 0377 
30 .766 -. 1158 65 .921 - . 0358 
31 .773 -. 1120 66 .925 -.0338 
32 .779 -.1084 67 .929 -. 0318 
33 .785 -.1050 68 .934 -.0297 
34 .791 -.1017 69 .938 -.0276 
35 .797 -.0986 70 .943 -.0254 
Table 1.., Continued. 
S Cs Log Cs 
% 
71 .943 -.0232 
72 . 953 -.0209 
73 .958 -.0185 
74 .964 -.0161 
75 .969 -.0136 
76 .975 -.0110 
77 .981 -.0083 
78 .987 -.0056 
79 .994 -.0027 
80 1.000 .0002 
81 1.007 .0032 
82 1.015 .0063 
83 1.022 .0095 
84 1.030 . 0128 
85 1.038 .0162 
86 1.046 : 0197 
87 1 ~ 055 : 0233 
88 1.064 : 0270 
89 1.074 .0308 
90 1.083 .0347 
91 1.093 .0388 
92 1.104 .0429 
93 1. 115 .0472 
94 1.126 .0515 
95 1 . 138 .0558 
96 1.150 .0540 
97 1.162 .0652 
98 1 . 175 .0700 
99 1.188 .0749 
100 1.202 .0799 
Table 8. Elevation, coefficient of e levation, · and log C . 
- E 
Elev. Elev. C E Log C E Elev. Elev. C E Log C E E E 
1000 1000 
feet. meters feet meter s 
.0 0 .965 ,-.0153 
. 1 30 .969 -.0137 3.6 1097 1.075 .0313 
.2 61 .973 -.0121 3.7 1128 1.077 .0323 
.3 91 .976 -.0106 3.8 1158 1.080 .0333 
.4 122 .980 -.0089 3.9 1189 1.082 .0343 
.5 152 .983 -.0074 4.0 121<9 1.08'p .0352 
.6 183 .987 -.0059 4.1 1250 1.087 .0362 
.7 213 .990 -.0044 4.2 1280 1.089 .0371 
.8 244 .993 -.0029 4.3 1311 1.091 .0380 
.9 274 .997 -.0014 4.4 1341 1.094 .0389 
1.0 305 1.000 .0000 4.5 1372 1.096 .0397 
1 . 1 335 1.003 .0014 4.6 r402 1.098 .0406 
1.2 366 1:007 .0028 4.7 1433 1 .100 .0414 
1.3 396 1.010 .0042 4.8 1463 1.102 .0422 
1.4 427 1 .013 .0056 4. 9 1494 1.104 .0431 
1.5 457 1.016 .0069 5.0 1524 1. 106 .0439 
1.6 488 1.019 .0082 5.1 1554 1 . 108 .0446 
1 . 7 518 1.022 .0095 5. 2 1585 1 . 110 .0454 
1.8 549 1.025 .0109 5.3 1615 1 . 112 .0462 
1.9 579 1.028 .0121 5.4 1646 1. 114 .0469 
2.0 610 1 .031 .0134 5.5 1676 1 . 116 .0476 
2.1 640 1.034 .0146 5.6 1707 1 . 118 .0484 
2. 2 671 1.037 .0158 5.7 1 737 1. 120 .0491 
2.3 701 1.040 .01 71 5 . 8 1 768 1 . 122 .0498 
2.4 732 1.043 .0183 5.9 1 798 1. 123 .0505 
2. 5 762 1.046 .0194 6. 0 1829 1 . 125 . 0511 
2.6 792 1.049 .0206 6. 1 1859 1. 127 .0518 
2.7 823 1.051 .0218 6. 2 1890 1 . 128 .0524 
2.8 853 1.054 .0229 6.3 1920 1. 130 .0530 
2.9 884 1.057 .0240 6.4 1951 1. 132 .0536 
3.0 914 1.060 .0251 6. 5 1981 1 . 133 .0542 
3.1 945 1.062 .0262 6. 6 2012 1. 135 .0548 
3.2 975 1.065 . 0272 6. 7 2042 1. 136 . 0554 
3.3 1006 1.067 .0283 6.8 2073 1 . 138 .0559 
3.4 1036 1.070 .0293 6.9 2103 1.139 .0565 
3.5 1067 1.073 .0304 7 . 0 2134 1.140 .0570 
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Table 8. Continued. 
Elev. Elev. CE Log C E E 
1000 feet meters 
7.1 2164 1.142 .0575 
7.2 2195 1.143 .0580 
7.3 2225 1.144 .0585 
7.4 2256 1.146 .0590 
7.5 2286 1.147 .0595 
7.6 2316 1.148 .0599 
7.7 2347 1.149 .0604 
7.8 2377 1.150 .0608 
7.9 2408 1.152 .0612 
8.0 2438 1. 153 .0616 
8.1 2469 1.154 .0620 
8.2 2499 1. 155 .0624 
8.3 2530 1. 156 .0628 
8.4 2560 1. 157 .0631 
8.5 2591 1 .158 .0635 
8.6 2621 1. 158 .0638 
8.7 2652 1. 159 .0641 
8.8 2682 1.160 .0644 
8.9 2713 1. 161 .0647 
9.0 2743 1.162 . 0650 
9.1 2774 1.162 .0653 
9.2 2804 1.163 .0655 
9.3 2835 1.164 .0658 
9.4 2865 1.164 .0660 
9.5 2896 1.165 .0662 
9.6 2926 1.165 .0664 
9.7 2957 1.166 .0667 
9.8 2987 1.166 .0668 
9.9 3018 1.167 .0670 
10.0 3048 1.167 .0672 
10.1 3078 1.168 .0673 
10.2 3109 1.168 .0674 
10.3 3139 1.169 .0676 
10.4 3170 1.169 .0677 
10.5 3200 1. 169 .0678 
SUMMAR Y AND CONCL USIONS 
In the present study, more than 3,650 months of pan evaporation 
from 23 U. S. states including Hawaii and Alaska together with data 
from Nigeria, Peru, Panama, Puerto Rico, and Canada were analyzed. 
Sub-coefficients to be applied to a basic formula were developed for 
mean temperature, daytim1e relative humidity, and sunshine percentages. 
Sub-coefficients for wind and elevation were as sumed to be the same 
as those developed by Patil (1962) and Mathison (1963). 
From the results of this study, a formula and sub-coefficients 
are presented that should make possible reliable estimates of expected 
evaporation from a clas s A evaporation pan for most climatic conditions. 
Estimation of pan evaporation is important as it provide s a 
fairly good basis for estimating evaporation from: lakes and reservoirs, 
and for estimating evapotranspiration in connection with the planning 
and design of irrigation projects. Engineers charged with the planning 
of water resource projects must usually make such estimates from a 
limited amount of climatic data. In this study, the kind of climatic 
data most generally available ·w.as used. Where certain data used in 
the sub-coefficients are not available, the user is left with two choices: 
either om·it the ' coefficie:nt .for the missing data, or estimate the value 
of the factor and coefficient. No other formula, with the possible 
exception of Penman~s (1948), provides a basis for estimates that 
'7·0 
takes into consideration so many of the climatic and other factors that 
affect evaporation and evapotranspiration. 
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APPENDIX · 
Procedure for finding the constants of 
the best-fit parabolic equation 
Find three points in the curve; one Xl Y 1 in the m.iddle, and 
the other two at the extrem.es, so that the distance X from. each one 
to the point Xl Y 1 is constant Xl - X 0 = X2 - Xl· 
Make the table: 
Find: 
X 
x 
o 
6.y 
0 
6.Y1 
6.2y 
0 
y 6.Y 
Y 
0 
6.y 
0 
Y1 
6. Y 1 
Y2 
by subtracting 
by subtracting 
by subtracting 
a value U = 
X-X 
o 
X -X 1 0 
The best-fit equation is: 
Y from. · Y 
0 1 
Y1 from. Y2 
6.Y from. 6. Y 1 
0 
------
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